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of such  o r b i t s  are  p r e s e n t e d .  Two areas where t hese  a re  o f  
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A sun-synchronous o r b i t  i s  a n  ea r th  o r b i t  whose p l a n e  
r o t a t e s  abou t  t h e  e a r t h ' s  axis  j u s t  one r e v o l u t i o n  p e r  year and 
t h u s  remains  " i n  s tep ' '  w i t h  t h e  e a r t h ' s  r o t a t i o n  a b o u t  t h e  sun .  
Such o r b i t s  are  p o s s i b l e  because  of  t h e  p e r t u r b a t i o n s  due t o  t h e  
e a r t h ' s  o b l a t e n e s s .  The added a t t r a c t i o n  o f  t h e  ea r th ' s  equa- 
t o r i a l  b u l g e  i n t r o d u c e s  a f o r c e  normal t o  and toward t h e  p l a n e  
o f  t h e  e q u a t o r  which,  unde r  t h e  r i g h t  c o n d i t i o n s ,  c a u s e s  t h e  
c o r r e c t  p r e c e s s i o n .  An example i s  g i v e n  i n  F i g u r e  1, showing 
t h e  p o s i t i o n  o f  t h e  o r b i t a l  p l a n e  r e l a t i v e  t o  t h e  ea r th ' s  a x i s  
and t h e  sun  th roughou t  t h e  year .  Note t h a t  i n  g e n e r a l ,  s i n c e  
t h e  o r b i t a l  p l a n e  p r e c e s s e s  abou t  t h e  ea r th ' s  a x i s  which i s  
i n c l i n e d  23-1/2O t o  t h e  e c l i p t i c ,  i t  does  n o t  m a i n t a i n  a f i x e d  
a n g l e  r e l a t i v e  t o  t h e  e a r t h - s u n  l i n e  d u r i n g  t h e  year .  

When t h e  e x p r e s s i o n  f o r  t h e  p r e c e s s i o n  r a t e  due t o  t h e  
e a r t h ' s  o b l a t e n e s s  i s  se t  e q u a l  t o  one r e v o l u t i o n  p e r  y e a r  and 
s o l v e d  t o  f i r s t  o r d e r  terms f o r  c i r c u l a r  o r b i t s ,  n o t  one b u t  a 
f a m i l y  of  o r b i t s  r e s u l t s ,  hav ing  d i f f e r e n t  pa i r s  o f  a l t i t u d e  and 
i n c l i n a t i o n  v a l u e s .  T h i s  f a m i l y  i s  shown i n  F i g u r e  2 ,  where t h e  
l o c u s  of a l l  sun-synchronous o r b i t s  i s  shown by t h e  c u r v e .  It 
i s  s e e n  i n  F i g u r e  2 t h a t  t h e  a l t i t u d e  v a r i e s  smoothly from about  
200  NM i n  n e a r - p o l a r  o r b i t  t o  abou t  3200 NM n e a r  t h e  e q u a t o r .  
T h i s  change i s  as e x p e c t e d .  The e f f e c t  of t h e  e q u a t o r i a l  b u l g e  
i s  weakest n e a r  t h e  p o l e s ,  s t r o n g e s t  n e a r  t h e  e q u a t o r i a l  p l a n e .  
Hence, t h e  a l t i t u d e s  of n e a r - p o l a r  o r b i t s  must be l e s s  ( c l o s e r  
t o  t h e  e a r t h ) ,  t h a n  t h o s e  of n e a r - e q u a t o r i a l  ones i f  t h e  same 
p e r t u r b a t i o n  i s  t o  r e s u l t .  Note t h a t  t h e  manned program c o u l d  
u s e  n e a r  p o l a r  sun  synchronous o r b i t s  f o r  a l t i t u d e s  up t o  abou t  
300 NM b e f o r e  r a d i a t i o n  problem g e t s  s e v e r e .  

It i s  i m p o r t a n t  t o  n o t e  t h a t  i n  o r d e r  f o r  t h e  p r e -  
c e s s i o n  t o  be  o f  t h e  r i g h t  d u r a t i o n  t o  t r a c k  t h e  s u n ,  a l l  t h e  
o r b i t s  shown i n  F i g u r e  2 a r e  r e t r o g r a d e ,  t h a t  i s ,  o p p o s i t e  t o  
t h e  d i r e c t i o n  of t h e  ea r th ' s  r o t a t i o n .  Hence, t h e  i n c l i n a t i o n  
a n g l e s ,  i, are a l l  more - t h a n  go",  and are t h e  supplements  of  
t h e  u s u a l  a n g l e s  g i v e n  (84O i n  F i g u r e  2 = 180°-84 = 96" i n  t h e  
u s u a l  n o t a t i o n ) .  
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For c i r c u l a r  o r b i t s ,  t h e  nodes of  t h e  o r b i t a l  p l a n e  
r e g r e s s  as d e s c r i b e d ,  and f o r  e l l i p t i c a l  o r b i t s ,  t he re  i s  i n  
a d d i t i o n ,  a r o t a t i o n  of  t h e  apses i n  t h e  o r b i t a l  p l a n e .  

Sun-synchronous o r b i t s  have s p e c i a l  i n t e r e s t  b o t h  
f o r  s o l a r  o b s e r v a t i o n  and f o r  c e r t a i n  t y p e s  of  e a r t h  observa-  
t i o n .  

For s o l a r  astronomy i t  i s  p o s s i b l e ,  by  choos ing  
t h a t  p o r t i o n  o f  t h e  f a m i l y  l y i n g  above 6 5 O  i n c l i n a t i o n ,  t o  
a v o i d  o c c u l t a t i o n  of  t h e  sun b y  t h e  ear th  comple t e ly .  Hence, 
a t  o r b i t a l  a l t i t u d e s  from 200 t o  1 7 0 0  NM and co r re spond ing  
i n c l i n a t i o n s  (84 t o  65" ) ,  a t e l e s c o p e  obse rv ing  t h e  s u n  w i l l  
n e v e r  be  shadowed b y  t h e  e a r t h .  T h i s  i s  a s i g n i f i c a n t  advan- 
t age  bee a u s e  

a )  i t  p r o v i d e s  con t inuous  o b s e r v a t i o n s  of  on-going 
s o l a r  e v e n t s  w i t h o u t  b e i n g  i n t e r r u p t e d  once 
each  r e v o l u t i o n  and t h e n  having  t o  r e - a c q u i r e  
t h e  f e a t u r e  l a t e r ;  

b )  i t  a v o i d s  s e v e r e  thermal  c y c l i n g  and p e r m i t s  
equipment t o  come t o  a s teady  s t a t e .  

Note,  however, t h a t  many o t h e r  h igh  a l t i t u d e  h igh-  
i n c l i n a t i o n  o r b i t s ,  n o t  e x a c t l y  sun-synchronous,  can  s a t i s f y  
b o t h  these c o n d i t i o n s  f o r  l a r g e  f r a c t i o n s  o f  a year .  

The advantages  of sun-synchronous o r b i t s  f o r  ear th  
o b s e r v a t i o n  a r e  more l i m i t e d .  It i s  p o s s i b l e  t o  view a l l  por-  
t i o n s  of  t h e  ear th  ( e x c e p t  n e a r  t h e p o l e s )  a t  n e a r l y  t h e  same 
s o l a r  t i m e  a l l  t he  y e a r  ' round by choos ing  t h e  sun-synchronous 
p l a n e  t o  be  n e a r l y  p o l a r .  Fo r  example,  i f  t h e  p l a n e  i s  chosen  
t o  i n c l u d e  t h e  ea r th - sun  l i n e ,  t h e  ground t r a c k  w i l l  a lways  be  
a t  n e a r l y  midday and midnight .  I n  t h i s  c a s e ,  t h e  sun  looks  a t  
t h e  p l a n e  of t h e  o r b i t i n g  s a t e l l i t e  edge-on, and t h e  p l a n e  
s p l i t s  t h e  ea r th  from approx ima te ly  North t o  South  P o l e s .  If 
t h e  p l a n e  i s  n e a r l y  p o l a r  b u t  makes some a n g l e  w i t h  t h e  ear th-  
sun  l i n e  o t h e r  t h a n  z e r o ,  t h e  s o l a r  t i m e  on t h e  ground t r a c k  
w i l l  s t i l l  be n e a r l y  c o n s t a n t  b u t  something o t h e r  t h a n  midday 
and midn igh t .  
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It i s  n o t  t r u e  t h a t  sun-synchronous o r b i t s  p e r m i t  - 
viewing  most o f  t h e  e a r t h  a t  a c o n s t a n t  sun-angle  t h e  y e a r  
' r ound ,  s i n c e  v a r i a t i o n  of t h i s  a n g l e  w i t h  l a t i t u d e  and with 
t h e  s e a s o n  of t h e  year  remain i m p o r t a n t .  

Fy a& 
F.  G .  A l l e n  

R .  Y .  P e i  

Attachment 
F i g u r e s  1-2 
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FIGURE 2 - CIRCULAR ORBIT ALTITUDE VS. INCLINATION 
FOR SUN SYNCHRONOUS ORBIT 
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